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Abstract
Many problems in real world are reduced to nonsmooth systems of equations
and hence many researchers study numerical methods for solving nonsmooth
systems of equations. As numerical methods for solving such problems, New-
ton like methods are known as efficient numerical methods. However, these
methods cannot apply to largescale problems, because they must keep ma-
trices. In this paper, we propose a numerical method which is based on
the nonlinear conjugate gradient method and does not use any matrices for
solving nonsmooth systems of equations. In addition, we prove the global
convergence property of the proposed method under standard assumptions.
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1$F(x)=0$ $F:R^{n}arrow R^{n}$ (1)
$F$
( [2] ). Jacobi




$f(x)=|x|-1$ $x=0$ $f(t, x)=\sqrt{x^{2}+t^{2}}-1$ $R_{++}\cross R$
$f$
$H$ : $R^{1+n}arrow R^{1+n}$
$H(t, x)=(\begin{array}{l}t\tilde{F}(t,x)\end{array})$ (2)
$H(t, x)=0\Rightarrow F(x)=0$ $\Psi$ : $R^{1+n}arrow R$
$\Psi(t, x)=\frac{1}{2}\Vert H(t, x)\Vert^{2}=\frac{1}{2}\{t^{2}+\Vert\tilde{F}(t, x)\Vert^{2}\}$ (3)
$\min\Psi(t, x)$ $F(x)=0$
$\min\Psi(t, x)$














$\gamma_{k}=\gamma(v_{k})$ , $\gamma(v)=\overline{\gamma}\min\{1, \Psi(v)\}$ , $\Omega=\{v|t\geq\overline{t}\gamma(v)\}$ (5)
$\{v_{k}\}$ $\Omega$ $(v=(t, x)\in$
$\Omega$ $\Psi(v)\neq 0$ $t>0$ ). $F(x)=0$ $\{v_{k}\}\subset\Omega$













Case 2. $\nabla_{x}\Psi(v_{k})\neq 0$ $\eta\Vert\nabla_{x}\Psi(v_{k})\Vert^{2}\geq\nabla_{t}\tilde{F}(v_{k})\tilde{F}(v_{k})(\overline{t}\gamma_{k}-t_{k})$
$\tilde{d}_{k}=\{\begin{array}{ll}-\nabla.\Psi(v_{k}) k=0.-\nabla_{x}\Psi(v_{k})+\beta_{k}\tilde{d}_{k-1}-\phi_{k}y_{k-1} k\geq 1,\end{array}$
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Case 3. $\nabla_{x}\Psi(v_{k})\neq 0$ $\eta\Vert\nabla_{x}\Psi(v_{k})\Vert^{2}<\nabla_{t}\tilde{F}(v_{k})\tilde{F}(v_{k})(\overline{t}\gamma_{k}-t_{k})$
$\tilde{d}_{k}=\{\begin{array}{ll}-\nabla_{x}\Psi(v_{k})-\frac{\nabla_{t}\tilde{F}(v_{k})\tilde{F}(v_{k})(\overline{t}\gamma_{k}-t_{k})}{\Vert\nabla_{x}\Psi(v_{k})\Vert^{2}}\nabla_{x}\Psi(v_{k}) k=0,-\nabla_{x}\Psi(v_{k})+\beta_{k}\tilde{d}_{k-1}-\phi_{k}y_{k-1}-\frac{\nabla_{t}\tilde{F}(v_{k})\tilde{F}(v_{k})(\overline{t}\gamma_{k}-t_{k})}{||\nabla_{x}\Psi(v_{k})\Vert^{2}}\nabla_{x}\Psi(v_{k}) k\geq 1.\end{array}$
$\eta\in(0,1)$





1. $v_{k}\in\Omega$ $t_{k}>0$ $\tilde{F}(v_{k})\neq 0$ $\alpha\in(0,1]$
$0<t_{k}+\alpha(\overline{t}\gamma_{k}-t_{k})\leq t_{k}$




2. $v_{k}\in\Omega$ $0<t_{k}\leq 1$ $\nabla_{x}\tilde{F}(v_{k})$
$\nabla\Psi(v_{k})^{T}d_{k}\leq-(1-\eta)\Vert\nabla_{x}\Psi(v_{k})\Vert^{2}+t_{k}(\overline{t}\gamma_{k}-t_{k})<0$ (8)












$(\overline{t}\gamma_{k}-t_{k})<0$ $v_{k}\in\Omega$ $(\overline{t}\gamma_{k}-t_{k})\leq 0$
$(\overline{t}\gamma_{k}-t_{k})=0$ $0<t_{k}$ $\Psi(v_{k})\neq 0$ (5)
$t_{k}= \overline{\gamma}\overline{t}Inin\{1, \Psi(v_{k})\}<m\ln\{1, \Psi(v_{k})\}\leq\frac{1}{2}\{t_{k}^{2}+\Vert\tilde{F}(v_{k})\Vert^{2}\}$
$\nabla_{x}\tilde{F}(v_{k})$ $\tilde{F}(v_{k})=0$ $t_{k}< \frac{1}{2}t_{k}^{2}$
$0<t_{k}\leq 1$ $(\overline{t}\gamma_{k}-t_{k})<0$ (8)











1 2 $\alpha_{k}\in(0,1]$ $0<t_{k+1}\leq t_{k}$
(7) $\Psi$
1.
Step $0.\overline{t}\in(0,1],\overline{\gamma}\in(0,1),$ $\sigma\in(0,1)$ . $\delta\in(0_{7}1)$ $to=\overline{t}$
$v_{0}=(t_{0}, x_{0}^{T})^{T}\in\Omega$ $k:=0$ Step 1
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Step 1. $\Vert F(x_{k})\Vert=0$
Step 2. $d_{k}$ (7)
Step 3. $m$ $\alpha_{k}=\sigma^{m}$ :
$\Psi(v_{k}+\sigma^{m}d_{k})\leq\Psi(v_{k})-\delta\Vert\sigma^{m}d_{k}\Vert^{2}$ . (10)
Step 4. $v_{k+1}=v_{k}+\alpha_{k}d_{k}$
Step 5. $k:=k+1$ Step 1








$A1.\tilde{F}$ $R_{++}\cross R^{n}$ $\lim_{karrow\infty}\Vert x_{k}\Vert=\infty$
$\{x_{k}\}\subset R^{n}$ $\{t_{k}\}$
$karrow\infty 1in1\Vert\tilde{F}(t_{k}, x_{k})\Vert=\infty$ (12)











$t_{k+1}\in\Omega$ $k$ $v_{k}\in\Omega$ $\square$
3: 1 $\alpha\in(0,1]$ 1
$\{t_{k}\}$ $k$ $t_{k}>0$ 3
$\{v_{k}\}\subset\Omega$ $\{v_{k}\}\subset R_{++}\cross R^{n}\cap\Omega$ A2
$k$ $\nabla_{x}\tilde{F}(v_{k})$
4. $\lim_{karrow\infty}t_{k}\neq 0$ $\{d_{k}\}$




$\lim_{k\in K’,karrow\infty}v_{k}=v^{*}$ , $\Vert\nabla\Psi(v^{*})\Vert=0$ (14)
$K’$ (4) $\nabla_{x}\tilde{F}(v^{*})\tilde{F}(v^{*})=0$
3 $\{v_{k}\}\in\Omega\cap$ $\Omega\cap$
$v^{*}\in\Omega\cap$ $v^{*}=(t^{*}, x^{*})$ $t^{*}>0$
A2 $\nabla_{x}\tilde{F}(v^{*})$ $\nabla_{x}\tilde{F}(v^{*})\tilde{F}(v^{*})=0$ $\tilde{F}(v^{*})=0$




$\gamma_{k}\leq 1$ $t_{k}\leq 1$
$|\overline{t}\gamma_{k}-t_{k}|\leq\overline{t}\gamma_{k}+t_{k}\leq\overline{t}+1$













(11) $\lim_{karrow\infty}\Vert v_{k}-v_{k-1}\Vert=0$ $\nabla_{x}\Psi$











$t’$ $t_{k}\in[t’, 1]$ $\{v_{k}\}\subset$
$([t’, 1]\cross R^{n})\cap\Omega$ $\rho_{k}$
$\nabla_{x}\tilde{F}(v_{k})$ A2





















1. 1 $\{v_{k}\}$ 1
$\{v_{k}\}$ $v^{*}=(t^{*}, x^{*})$
$H(v^{*})=0$ $F(x^{*})=0$




( $A$ ) : $1 in)\inf_{karrow\infty}\alpha_{k}=0$ ,
( $B$ ) : $\lim_{karrow}\inf_{\infty}\Vert d_{k}\Vert=0$ .
(A) 4 $\{d_{k}\}$ $\{v_{k}\}$
$d^{*}$ $v^{*}$
$\lim$ $\alpha_{k}=0$ , liln $d_{k}=d^{*}$ , $\lim$ $v_{k}=v^{*}$
$k\in K_{1},$ $karrow\infty$ $k\in K_{1},$ $karrow\infty$ $k\in K_{1},$ $karrow\infty$
$K_{1}$ $k\in K_{1}$ $m=0$ (10)
$\frac{\Psi(v_{k}+(\alpha_{k}/\sigma)d_{k})-\Psi(v_{k})}{\alpha_{k}}>-\frac{\delta\alpha_{k}}{\sigma^{2}}\Vert d_{k}\Vert^{2}$
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$karrow\infty(k\in K_{1})$ $\nabla\Psi(v^{*})^{T}d^{*}\geq 0$ 2
$k$ $\nabla\Psi(v_{k})^{T}d_{k}<0$ $\nabla\Psi(v^{*})^{T}d^{*}\leq 0$
$\nabla\Psi(v^{*})^{T}d^{*}=0$
(B) $\{v_{k}\}$
$\lim$ $d_{k}=d^{*}=0$ , $\lim$ $v_{k}=v^{*}$
$k\in K_{2},$ $karrow\infty$ $k\in K_{2},$ $karrow\infty$
$K_{2}$ $\nabla\Psi(v^{*})^{T}d^{*}=0$
$\lim\inf_{karrow\infty}|\nabla\Psi(v_{k})^{T}d_{k}|=0$
$\lim_{k\in K_{3},karrow\infty}\nabla\Psi(v_{k})^{T}d_{k}=0$, $\lim_{k\in K_{3},karrow\infty}d_{k}=d^{*}$ , $\lim_{k\in K_{3},karrow\infty}v_{k}=v^{*}$
$K_{3}$ 2 (8) $\gamma$
$0\leq(1-\eta)\Vert\nabla_{x}\Psi(v^{*})\Vert^{2}+|t^{*}(\overline{t}\gamma(v^{*})-t^{*})|\leq|\nabla\Psi(v^{*})^{T}d^{*}|$
$\Psi(v^{*})^{T}d^{*}=0$ $t^{*}>0$
$\nabla_{x}\Psi(v^{*})$ $=$ $\nabla_{x}\tilde{F}(v^{*})\tilde{F}(v^{*})=0$ (17)
$\overline{t}\gamma(v^{*})-t^{*}$ $=$ $0$ (18)















$G(t, x)=\tilde{F}(t, x)+tx$ $F$
$\tilde{F}$ $F$ $G$ $F$
$G$
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